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ABSTRACT 
Industrial wastewater derived from automotive, medicine, textile, paint and paper industries are quite large in Asia and often 
contain heavy metals which are dangerous if the waste contaminates the water. Nowadays, wastewater treatment methods have 
weakness that is requiring high costs and large sludge volume. Thus, a better and more environmental-friendly method is a need. 
Limnocharis	flava	is an Indonesian plant that can easily grow in extreme environmental condition. However, L.	flava	is an 
effective phytoremediation agent to absorb Pb as 26.1%, Fe 63.99%,	Mn 63.21%, and	Cd	19.7% -	52%. The most functional part 
of L.	flava	as phytoremediation agent is root. However, callus can be made from any part of plant such as root, seed, and apical 
leaf. This research of wastewater treatment is based on literature study method consists of the primary filtration, sedimentation, 
and combination of phytoremediation process using callus of Limnocharis	flava. At the end, water flows into the filtration pool 
which contains purification media (sand, charcoal, gravel, and sawdust) before it is discharged into the river. L.	flava	callus is 
multiplied by tissue culture using the MS agar medium. MS medium supplemented with 1 mg/L BAP (Synthetic Cytokinin) and 1 
mg/L NAA (Auxin) as an optimum growth hormone combination and adjust at pH 5.8 (25 ± 1 °C). Plant tissue is prepared using 
8 weeks old L.	flava	and there will be callus growth in three weeks.	Wastewater will contact with L.	flava	callus in container pool 
for 3 days.	Callus	should be replaced with newly cultured callus in every 15 days because of absorbance limit of the callus. 
Research shows that 15 plants of L.	flava	which have direct contact with wastewater in 13 days can decrease heavy metal 
accumulation value.  
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I.       INTRODUCTION 
Some industries can produce waste containing metals. 
Waste from the paint and mining industry containing lead 
metal (Pb); PVC industry and batteries producing waste 
containing cadmium (Cd); automotive, oil, textile and paper 
industries are iron (Fe) and Manganeseese (Mn). Containing 
metals in industrial wastewater often causes the 
contaminated water to be polluted. Heavy metals in water 
are in the form of colloidal, particulate and dissolved phases 
(Adepoju-Bello A.A, et al. [1]), it poses a danger to many 
lives, especially the lives of the surrounding people. Heavy 
metals can cause serious health effects symptoms vary 
depending on nature and measure of the ingested metal, 
heavy metals are toxic as they can react with carboxyl (-
COOH), amines (-NH2), and thiol (-SH) group forming 
complexes. Then biological molecules are modified so that 
it looses their ability (malfunction) more severely can cause 
cell death. When the metal forms complex, the enzyme 
system is deactivated because its protein structure has been 
affected,	resulting	disruption of the catalytic properties of 
the enzyme (Momodu MA and  Anyakora CA [2]). For 
example, lead exposure produces commutative toxins and is 
likely to be	carcinogenic at higher concentrations. Lead also 
causes autoimmune and irreversible damage to the brain 
(Momodu MA and  Anyakora CA [2]).  Manganeseese at 
low concentrations, can cause slowing of motor function, 
increase the tremor, decrease response rate, intellectual 
function, diadochokinesia, and mood lability. While at 
higher concentration, Manganeseese can accelerate friction 
of the neuron, thereby increasing the risk of 
neurodegenerative abnormalities that can lead to 
Parkinsonism (Neurol J Can [3]). Cadmium can cause 
kidney damage and hypertension (Bakare-Odunola MT  
[4]). Iron is the required metal in oxidation process at 
cytochrome enzymes and respiratory pigments 
(hemoglobin), but these metals will become toxic if they are 
present in concentrations above normal	and may lead to 
several diseases such as liver cancer (Hasbi, R. [5])	It is time 
to improve handling of industrial liquid waste containing 
heavy metals. Several methods often used in liquid waste 
treatment still have deficiencies, such as inactivated 
minerals (zeolites) if water turbidity is more than 10mg/L, 
ultrafiltration methods that need high costs and produce 
large sludge volumes, and also electrodialysis techniques 
that form metal-hydroxy compounds can cover filter 
membrane. Thus, a better and more environmental-friendly 
method is needed.  
Phytoremediation techniques using Limnocharis flava is 
one technique that is expected can be applied in industrial 
wastewater containing heavy metals. Several studies have 
suggested that L  flava effectively decreases the heavy metal 
content of Pb, Fe, Mn, and Cd. To figure the effectiveness 
of L  flava as a phytoremediation agent, laboratory-scale 
research is done using callus from L. flava plant, because the 
callus is easier to grow so that the research is expected to 
progress faster. The ability of callus illustrates that whole 
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plants have greater potential, because its cells are more 
differentiated. If the results of the lab-scale experiment 
show optimal results, then field trials using adult plants can 
be performed. So that the use of plants L. flava as 
phytoremediation agent in wastewater containing heavy 
metals can continue to be developed and optimized. 
 
Phytoremediation using Limnocharis flava 
Phytoremediation technique can reduce waste especially 
heavy metal using plants, a complete phytoremediation 
reduces pollutants with the plant as media including trees, 
grasses, and aquatic plants. It can mean the destruction, 
inactivation or immobilization of pollutants into harmless 
forms (Chaney R.L., et al. [6]). Some plant conditions that 
can be used as phytoremediation agents are easy to grow in 
extreme places (environment containing many pollutants), 
able to remediate more than one pollutant, living in 
cosmopolitan habitat, easy to maintain, can produce high 
biomass, easy to harvest, and easily accumulates heavy 
metals (Abhilash PC, et al. [7]). Phytoremediation is safer 
that other technique since it is using plants as 
phytoremediation agents and not using chemicals. In 
addition, the cost used can be minimized especially if using 
wild plants that easily grow like L. flava. This plant 
effectively decreases heavy metal content with good 
absorption percentage, that is lead (Pb) of 26,1% (Haryati 
Maharani, Purnomo Tarzan, Kuntjoro Sunu [8]), Iron (Fe) 
equal to 20,32 - 63,99%, Manganese (Mn) equal to 20,45 % 
- 63.21% (Priyanti and Yunita Etyn [9]) and cadmium (Cd) 
of 19.7% - 52%(Abhilash PC, et al. [7]). Phytoremediation 
using L. flava is one example of phytofiltration technique in 
the form of liquid metal waste absorption with the most 
effective plant part is the root. 
 
II.       METHOD 
This study was conducted based on literature 
studies from relevant journals. The research is divided 
into laboratory and industrial scale. On the laboratory 
scale, L.flava callus absorption activity was performed 
on heavy metals (Pb, Mn, Cd, Fe) as an overview of 
the whole plant ability of L. flava which will be used 
as phytoremediator. 
A. Laboratory Scale 
• Tools and Materials 
The tools used in this research consist of: autoclave, 
laminar air flow cabinet, AAS (Atomic Absorption 
Spectroscopy), pH meter, 100 mL volumetric flask, 
100 mL Beaker glass, 100 mL measuring cylinder, and 
pipettes. Materials used in this lab scale are 8 weeks 
old L. flava plant in MS (Murashige and Skoog) 
medium supplemented with 1 mg/ L BAP 
(Synthetic Cytokinin) and 1 mg/ L NAA (Auxin), 
simulated wastewater (Pb, Fe, Mn, and Cd 0.5mM), 
70% (v/v) ethanol, and 0.4% (v/v) sodium 
hypochlorite.[10] Constant variables are pH 5.8 
(25±1°C) and callus weight. Dependent variables are 
the concentration of Pb, Fe, Mn,Cd in biomass. 
B. Procedure  
Media and equipment are sterilized first in the autoclave. 
Then, prepare the plant tissue in laminar air flow cabinet by 
cut its stem and node, cut the leaves from stem and reserve a 
small piece of petiole. Step two is plant surface disinfection 
in 70 % (v/v) ethanol for 30 s, followed by 0.4 % (v/v) 
sodium hypochlorite for 20 minutes. After that, rinse with 
sterile water three times for five minutes each. Then, cut the 
ends and cultivates apical leave into the culture media. 
There will be callus growth in three weeks. After that, add 
simulation wastewater and check the concentration of  Pb, 
Fe, Mn, Cd in biomass using AAS. 
 
Figure	1.	Method	of	Callus	Culture 
 
C. Industrial Scale 
Design of Wastewater Treatment 
Application  
Wastewater treatment consists of several steps there are pre-
treatment, primary treatment, and secondary treatment. Pre-
treatment	only	 performs	 screening	 of	 solid	 materials	 that	
come	 along	 with	 waste	 in	 the	 form	 of	 rough	 filtration	
process.	 Rough	 filtration	 process	 use	 bar	 screen	
with	specification:	length	10	mm,	width	60	mm,	space	each	
of	bar	75	mm,	and	flow	rate	0.6	mm/s.	Pool	used	in	coarse	
filtration	are	made	from	steel	with	a	capacity	of	60	m3.		As	
a	primary	treatment	there	will	be	sedimentation	pool	with	
specification:	 circular	 pool,	 hydraulic	 retention	 time	 1.5	
hours,	over	 flow	rate	25	m3/m	days,		 depth	of	pool	2.5	m,	
diameter	 12	m,	base	 slope	7/100	mm/m,	empty	 space	50	
cm,	 and	 sludge	scrapper	rate	 0.3	 r/minute[11].	Then,	 waste	
flows	through	a	PVC	pipe	with	diameter	5	cm	and	pore	25	
mm	 to	 secondary	 processing	 that	 resulting	 non-pollute	
product	 such	 as	 heavy	 metals.	 We	 innovate	
phytoremediation	 combinations	 using	 Limnocharis	 flava	
callus replacing	 both	 the	 reserve	 osmosis	 and	
electrodialysis	 processes	 which	 are	 commonly	 used	 to	
extract	 heavy	 metals	 in	 industrial	 waste	 but	 are	 more	
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expensive.	 Waste	 that	 has	 been	 through	 the	 settling	
process	 will	 be	 channeled	 into	 a	container	 pool	 (capacity	
75L)	 and	 contacts	 3	 days	 with	Limnocharisflava	callus.	 In	
this	 pool,	 there	 will	 be	 a	 turbine	 aerator	 with	 25-	 30%	
oxygen	transfer	efficiency.	After	this	process,	water	flowed	
through	 filter	 pipe	 to	 the	 filtration	 tank	 which	 contains	
purification	 media	 (sand,	 charcoal,	 gravel,	 and	 sawdust)	
and	 then	 it	 can	 be	 directly	 discharged	 into	 the	 river	 or	
public	channel.	
	
	
	
	
	
	
	
	
	
	
	
Figure	2.	Design	of	Industrial	Wastewater	Treatment 
Figure 2. 	Design	of	industrial	wastewater	treatment 
 
III. RESULT AND DISCUSSION 
A. Laboratory Scale 
Callus is an undifferentiated plant cell, made from part 
of the plant and grown on specific media such as MS agar. 
As it is made from a part of the plant, callus is considered to 
have the same characteristics as the mother plant. The 
purpose of using callus as an experimental object for heavy 
metal absorption is to know the effectiveness of metal 
absorption in the whole plant because callus can be grown 
while eliminating external factors so the real ability of the 
whole plant in heavy metals absorption can be determined. 
Callus' ability shows that there is higher potency in the 
whole plant because it has been perfectly differentiated into 
tissues like roots, stems, and leaves, and the most important 
part in heavy metal absorption is the root. Callus can reflect 
the whole plant's characteristics as proved by Gori et al. [12] 
that metal-tolerant callus can be grown into metal-tolerant 
plants. 
Comparison of metal absorption between callus and the 
whole plant is shown by data from Thlaspi caerulescens 
plant due to lacking data about Limnocharis flava Callus 
capability. This selection is based on the similarity of metals 
absorbed by the both plants (Limnocharis flava and Thlaspi 
caerulescens). Thlaspi caerulescens callus can accumulate 
10,000 µg g-1 Cd dry weight (DW). While the whole plant 
Cd absorbed as much as 14 mg Cd g-1. This means that the 
ability of the whole plant is better 1.4 times than callus. 
Comparison of ability to absorb heavy metals between 
callus and whole plant proves plant ability as 
phytoremediator. 
Tabel 1. Concentration of heavy metals absorbed in Limnocharis flava. 
Heavy Metals Amount of heavy metal absorbed 
(mg/L) 
Pb 1.16 
Cd 0.5 - 4 
Mn 0.31 – 1.06 
Fe 2.24 – 9.72 
Source: Priyanti, 2013[9] 
Limnocharis flava can be categorized as 
phytoremediator which has the ability to absorb heavy 
metals (hyperaccumulation) compared to the plants in 
general, proved from the table above. Hyperaccumulator 
plants with the capacity to take up excessive heavy metals 
(usually 0.1% to 3% of dry weight) are even more desirable 
[14]. Callus describes the basic capabilities of Limnocharis 
flava cells as they have totipotent characteristic. 
B. Industrial Scale 
This wastewater treatment consists of several processes, 
they are rough filtration,sedimentation, phytoremediation, 
and multiple layer filtration. The rough filtration process is 
used to separate waste water from solid metal particles and 
stimulate those particles to precipitate. The wastewater is 
added with organic polymers (coagulants) that will attach to 
the metal solids particles. 
  
Figure 3. Attachment of Polymer to Metal Hydroxide 
Source: Removing Heavy Metals from Wastewater. University of Maryland 
[12] 
Beside of that, the compounds added is to adjust the pH 
which the callus grows optimally (pH 5.8). Once particles 
become enmeshed in the polymer, they are will be settled 
since they are heavier than water so that they can be 
removed from the wastewater. 
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Figure 4. Settlement of Metal Hydroxide Complex 
Source: Removing Heavy Metals from Wastewater. University of 
Maryland.[15] 
This settling occurs in the sedimentation tanks which 
are designed to produce a calm flow for settling. The 
wastewater then will continue to secondary treatment. Most 
process in the secondary treatment is about 
phytoremediation using L. flava. Wastewater will contact 
with L. flava callus in container pool for 3 days. 
The root system of Limnocharis flava is suitable as a 
phytoremediation agent because it has fibrous root type, 
dense, and long so it can be used as a wastewater 
phytoremediator. In the L flava root, there are phytochelatin 
proteins that can bind to metal components. Heavy metals 
absorbed from the roots will then be translucent to other 
parts of the plant, such as stem and leaves through the 
xylem. Heavy metals can penetrate cells and participate in 
the process of cell metabolism. Therefore, plants form a 
detoxification mechanism by accumulating metals in 
vacuoles. In the root tissues, the metal will be stored in the 
cortex and assembled near the endodermis, whereas the 
endodermis itself will serve as a barrier to the removal of 
some of the metals. Therefore, heavy metal accumulation is 
mostly found in roots (Rijal, Muhammad, Mohamad Amin, 
Fathur Rochman, Endang Suarsini [13]. 
Every 13 days L.flava should be replaced with the new 
one because research shows that 15 L.flava which have 
direct contact with wastewater in 13 days can decrease 
heavy metal accumulation value as can decrease heavy 
metal accumulation value (Syukor ARA, Sulaiman S, 
Siddique MNI, Zularisam AW, Said MIM [16]). The last 
step, before water can be released to the environment it is 
routed to the multilayer filtration unit. The filtration unit is 
designed to trap particles that still exist in water. Water 
entering the filtration unit is passed through sand, charcoal, 
gravel, and sawdust with the same amount. Multilayer 
filtration is used as purifier media to capture the remaining 
metal hydroxide particle after this water treatment complete 
it can directly flow drainage. 
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